To compare the analgesic efficacy of valdecoxib with placebo and naproxen sodium for relieving menstrual cramping and pain due to primary dysmenorrhea.
P rimary dysmenorrhea, or painful menstruation, can be an incapacitating problem, causing significant disruption in a woman's life each month. It is one of the most common gynecologic complaints, thought to affect approximately one half of all menstruating women, with 10% of women having symptoms severe enough to interfere with daily responsibilities. 1 The underlying cause of primary dysmenorrhea is believed to be the excessive production of uterine prostaglandins primarily derived from cyclooxygenase (COX)-2 activity. 2 Inhibition of COX-2 by nonspecific nonsteroidal anti-inflammatory drugs (NSAIDs) such as aspirin, ibuprofen, or naproxen exerts anti-inflammatory, antipyretic, and analgesic effects. However, nonspecific NSAIDs also inhibit COX-1 at therapeutic doses, the latter activity impairing platelet function and predisposing patients to gastrointestinal (GI) side effects. 3, 4 COX-2 specific inhibitors produce the analgesic and antiinflammatory effects of nonspecific NSAIDs without COX-1-associated side effects and are effective in treating pain, including menstrual pain. 3, [5] [6] [7] [8] Valdecoxib, a potent COX-2 specific inhibitor, is approximately 28,000-fold more selective in vitro for human recombinant COX-2 than for human recombinant COX-1. 9 When administered after oral surgery, valdecoxib has demonstrated a fast onset of action (approximately 30 minutes) and a magnitude of efficacy comparable to 10 mg oxycodone/1,000 mg acetaminophen. 10 Compared with nonspecific NSAIDs in controlled trials, valdecoxib exhibits improved GI and platelet safety. 11, 12 This study compared the analgesic efficacy of valdecoxib 20 mg or 40 mg with naproxen sodium and placebo in relieving moderate or severe menstrual cramping pain due to primary dysmenorrhea. Up to 2 doses could be taken daily, as required, for up to 3 days. Standard measures were used to evaluate analgesic efficacy.
METHODS

Patients
Women aged 18 to 35 years with a history of regular menstruation (28-day cycle AE 7 days) and primary dysmenorrhea (onset o3 years after menarche) were included. Menstrual cramping pain had to be of moderate or severe intensity for at least 4 of the 6 months immediately preceding study entry. Patients were in satisfactory health, as determined by medical history and physical examination; had a negative urine pregnancy test result at the screening and baseline visits and at each postcycle visit; and used an accepted means of birth control during the study. All patients provided written informed consent prior to enrollment.
Patients with dysmenorrhea secondary to organic pathology or a current condition with symptoms of abdominal pain that could confound study assessments were excluded. Use of contraceptive implants within 6 months or use of injectable or intrauterine contraceptive devices within 3 months prior to study entry was not permitted. Patients with active peptic ulcer or any GI disease associated with clinically significant blood loss within the last 2 years were also excluded.
Efficacy of valdecoxib 20 mg bid prn (twice daily, as needed) and valdecoxib 40 mg bid prn was compared with that of placebo and naproxen sodium 550 mg bid prn in relieving moderate to severe menstrual cramping pain due to primary dysmenorrhea. Study medications were provided in 2 bottles, which were sufficient for 3 days of treatment. Patients were instructed to take 2 tablets from bottle A and 2 capsules from bottle B for each dose of study medication (Table 1 ). All tablets were white and round and all capsules were size #00 opaque gray. All study treatments were prepared, packaged, and distributed to the investigator by the study sponsor. Study drug supplies were then inventoried by study monitors prior to dispensing. Each bottle was labeled with the study and patient information, along with a sealed tear-off portion that contained the same data plus the identity of the study medication. This sealed portion was removed from the bottle by the study staff member who dispensed the medication and attached to the patient's case report form.
Patients, investigators, and study coordinators were blinded to the identity of study medication throughout the entire study. If medically indicated in case of emergency, the investigator could break the blind. Otherwise, the study blind was not broken until the study was complete and the data were statistically analyzed.
This study used a 4-sequence crossover design over 4 menstrual cycles (Fig. 1) . After consulting the investigator's staff, who verified that patients' menstrual cramping pain was of moderate or severe intensity, patients took the first dose of study medication. Patients could remedicate with study drug every 8 to 12 hours as needed for pain (but no more than 2 doses within 24 hours). If a patient took rescue medication during any treatment cycle less than 1 hour after taking study medication, she was dropped from that particular cycle. Each cycle included a single-dose phase followed by a multiple-dose phase, meaning that a second dose of medication was taken between 8 and 12 hours following the initial dose. Patients were allowed to use their ''usual medications'' for rescue during the study period.
Study Objectives and Hypothesis
The primary objective of this study was to compare the analgesic efficacy of an initial dose of valdecoxib 20 mg or 40 mg versus placebo in relieving moderate or severe menstrual cramping pain due to primary dysmenorrhea. The secondary objectives were to compare the analgesic efficacy of a single dose of valdecoxib 20 mg to that of valdecoxib 40 mg, to compare single valdecoxib 20 mg and 40 mg doses with a single dose of naproxen sodium 550 mg, and to assess safety and tolerability of the study medications.
The cramping pain associated with primary dysmenorrhea is believed to be a product of excessive COX-2-mediated production of uterine prostaglandins. This study was therefore designed to provide evidence that a single 20-or 40-mg dose of valdecoxib, a COX-2 specific inhibitor, is efficacious in relieving moderate to severe uterine cramping pain associated with primary dysmenorrhea.
Efficacy Assessments
Patients assessed pain intensity (PI) prior to taking the first dose of study medication in each treatment cycle (0 hour) and assessed PI and pain relief (PR) at regular intervals after the first dose (or immediately prior to rescue medication or remedication). Pain intensity was rated according to the following categorical scale, where 0 =no pain, 1 =mild pain, 2 =moderate pain, and 3 =severe pain. The level of PR was rated on a 5-point scale: 0 =none (0% reduction), 1 =a little (25% reduction), 2 =some (50% reduction), 3 =a lot (75% reduction), and 4 = complete (100% reduction). Maximum PI and maximum PR were assessed 24 hours after the first dose on Day 2 and Day 3 or just before use of rescue medication. Pain intensity was assessed prior to and 2 hours after each dose on Day 2 and Day 3.
Time-specific PR and time-specific PI difference (PID) were analyzed at scheduled intervals over the 12-hour study period following administration of the first dose of study medication. Pain intensity difference was calculated by subtracting time-specific PI from baseline PI. The magnitude of analgesia was assessed by the time-weighted sum of PR (TOT-PAR) and time-weighted sum of PI difference (SPID) at 8 and 12 hours after the first dose of study medication. TOTPAR and SPID over the 8-and 12-hour periods after the first dose of study medication were calculated from the area under the PR and PID curves through 8 and 12 hours, respectively. The time to rescue medication or first remedication, whichever came first, and the percentage of patients taking rescue medication before the second dose of study medication, were also monitored.
The patient's global evaluation of study medication was performed 12 hours after the first dose of study medication on Day 1 (or immediately prior to rescue medication or remedication) and 24 hours after the first dose on Day 2 and Day 3 or just before rescue medication use. Patients assessed their study medication on a 4-point scale, where 1 =poor, 2 =fair, 3 =good, and 4 =excellent.
Safety Assessments
Adverse events were monitored throughout the study. Clinical laboratory evaluations were performed at the screening visit (21 to 30 days prior to the anticipated first dose of study medication) and after treatment (within 5 to 9 days of the final treated menstrual cycle).
Statistical Analysis
The sample size calculation was based on 2 primary efficacy variables, SPID8 and TOTPAR8 (SPID and TOTPAR at 8 hours postdose). With 90% power and type I error of 0.025 (for a 2-sided test adjusted for 2 comparisons), a sample size of 93 patients per treatment was needed to detect a difference of ! 3 in the SPID8 scores between valdecoxib and placebo, with a maximum estimate of variability of 5.7 for SPID8. This sample size was also sufficient to detect a difference of ! 4.9 in the TOTPAR8 score between valdecoxib and placebo, with a maximum estimate of variability of 8.54 for the TOTPAR8 score with the same type I error and power. With the assumption that there would be a 20% dropout rate, a sample size of 116 patients per treatment was needed. All efficacy analyses included randomized patients who had received study medication and had completed 1 evaluable cycle for each of the 4 study medications in the order of the sequence group in which they were assigned. A cycle was evaluable if patients treated their menstrual pain with study medication and did not take rescue medication or remedicate within 1 hour of the first dose of study medication. The last observation carried forward was applied only within each treatment period and was not used for the imputation of cross-period missing values.
Baseline demographic variables were compared across treatment sequence using analysis of variance (ANOVA), with treatment sequence as the factor for continuous variables and a Fisher exact test for categorical variables. A Cochran-MantelHaenszel test adjusted for treatment sequence was used to compare baseline PI across treatments.
TOTPAR, SPID, and patient's global evaluation of study medication were analyzed using ANOVA with fixed effects for baseline PI, treatment, period, sequence, and a random effect for patient (sequence). The Fisher protected least significant difference multiple comparison procedure was used for pairwise comparisons of the model-adjusted treatment means. Because the crossover effect was found not to be significant for each of the continuous variables, the analyses were performed without including carryover effects in the model.
Patient's global evaluation of study medication was analyzed using a categorical data analysis method. The number of doses of medication taken and time between doses in the multiple-dose phase were summarized by treatment.
Ã Completed the study means that patients were randomized, received treatment, and completed 1 evaluable menstrual cycle for each of 4 study medications (evaluable cycle =no rescue medication/remedication within 1 hour of first dose of study medication). Two of the 87 patients were not included in efficacy analyses; 1 took rescue medication prior to 1 hour following study medication, and 1 did not record time with pain assessments, both during Cycle 2. FIGURE 1. Patient disposition. A total of 120 women entered the study and 101 received at least 1 dose of study medication; 87 patients in total completed the study Ã ; 31 patients entered the multiple-dose phase at some point of the study.
RESULTS
Patient Baseline Characteristics and Disposition
The study period commenced on September 22, 1999 and final follow-up was completed on August 14, 2000. Demographics and additional baseline characteristics are summarized in Table 2 . All treatment sequences were comparable with respect to patients' mean age, weight, and race. Across all 4 treatment sequences, 92, 91, 93, and 94 patients received at least 1 dose of valdecoxib 20 mg, valdecoxib 40 mg, naproxen sodium 550 mg, or placebo, respectively. Of these, 87 patients completed 1 evaluable menstrual cycle on each of the 4 study medications. Two of the 87 patients were not included in efficacy analyses; 1 took rescue medication prior to 1 hour following study medication, and 1 did not record time with pain assessments, both during Cycle 2 (Fig. 1) . Thirty-one patients entered the multiple dose assessment phase (6 valdecoxib 20 mg, 8 valdecoxib 40 mg, 12 naproxen sodium, and 5 placebo) and 3 took all doses of the study medication (2 valdecoxib 40 mg, and 1 naproxen sodium).
Efficacy Outcomes
The treatment sequences were statistically indistinguishable with respect to baseline PI, with 76% to 85% of patients in each group experiencing moderate pain and 15% to 24% experiencing severe pain. Valdecoxib 20 mg and valdecoxib 40 mg provided analgesia that was significantly greater than that provided by placebo and similar to that provided by naproxen sodium after the initial dose. TOTPAR and SPID scores for the 3 active treatments were similar to and significantly higher than those for placebo at 8 and 12 hours, indicating greater reductions from baseline pain levels (Table 3) .
Single doses of valdecoxib 20 mg or 40 mg demonstrated a rapid onset of PR similar to naproxen sodium as shown by the PID and PR scores over the first 12-hour assessment period (Fig.  2) . For each active treatment, the PID and PR scores were significantly greater than for placebo by 1 hour postdose and remained so through the 12-hour assessment (Po.001). There were no significant differences between either dose of valdecoxib and naproxen sodium at any time point. The percentage of patients requiring rescue medication or remedication over the 12-hour assessment period was highest with placebo and lower but similar among the active treatments (placebo, 33%; naproxen sodium, 20%; valdecoxib 40 mg, 20%; and valdecoxib 20 mg, 15%).
The patients' global evaluation of study medication mean scores for the active treatments were similar to and significantly higher than the score for placebo (Po.001 vs placebo). Overall scores for the active treatments were similar: 62% of patients treated with valdecoxib 20 mg, 72% of patients treated with valdecoxib 40 mg, and 68% of patients treated with naproxen sodium rated their medication as good or excellent, compared with 40% of patients treated with placebo.
Safety Outcomes
The incidence of adverse events reported during valdecoxib treatment was similar to that for placebo and naproxen sodium. Adverse events were reported by 16% of patients who received placebo, 14.1% of patients who received valdecoxib 20 mg, 17.6% of patients who received valdecoxib 40 mg, and 12.9% of patients who received naproxen sodium. Adverse events with an incidence of ! 2% for any treatment group are summarized in Table 4 . The most common adverse event was headache, which had the highest occurrence in the placebo group. Most adverse events were of mild or moderate severity. No differences in clinical laboratory values were observed among the groups.
DISCUSSION
Primary dysmenorrhea, or cramping pain with the onset of menstruation, can be an incapacitating problem. 1 The results TOTPAR, total pain relief; SPID, sum of pain intensity difference.
of the present study demonstrate that a single 20-mg or 40-mg dose of valdecoxib, a COX-2 specific inhibitor, is effective in relieving moderate or severe menstrual cramping pain from primary dysmenorrhea. Both doses of valdecoxib were effective in treating menstrual pain, as evidenced by significant differences from placebo in the TOTPAR and SPID scores at 8 and 12 hours postdose. The results of this study confirm those of another recent study of valdecoxib 20 mg and 40 mg and naproxen 550 mg (all dosed bid prn) in primary dysmenorrhea. 13 In the present study, significant differences in PID and PR scores from 1 hour through 12 hours show the rapid onset and long duration of the analgesic effect of each dose of valdecoxib. The onset, magnitude, and duration of action of valdecoxib and naproxen sodium were similar. In addition, the occurrence of adverse events was low and similar across all treatments. There was a high degree of compliance with the study, as 87 of 92 patients completed the study. Significantly fewer patients required rescue medication or remedication following active treatment than following placebo, and additional medication was required significantly earlier following placebo than following active treatments. Although the study design allowed patients 2 doses per day, only 15% of patients in the valdecoxib 20 mg and 20% of patients in both the valdecoxib 40 mg group and the naproxen sodium 550 mg group required remedication within the first 12 hours. In addition, patient satisfaction with study medication was significantly higher for both doses of valdecoxib than placebo and was similar to that reported for naproxen sodium.
In this study, the occurrence of adverse events, ranging from 12.9% to 17.6% for active treatments and placebo, was not significantly different between groups. However, use of nonspecific NSAIDs can result in potentially significant side effects-particularly related to GI tolerability, GI ulcers, and reduced platelet aggregation. 14 The results of several studies have demonstrated that these complications may arise even with short-term use. One study showed an increase in GI and operative site bleeding in just over 5 or more days of consistent use of nonspecific NSAIDs. 15 Another study demonstrated a significant increase in incidence of gastroduodenal ulcers in patients who took naproxen 500 mg bid compared with those who took valdecoxib 40 mg bid or placebo after only 6.5 consecutive days. 16 The combined effect on the GI mucosa and platelet function, resulting from COX-1 inhibition by nonspecific NSAIDs, can multiply the overall risk of excessive GI bleeding. Valdecoxib and other COX-2 specific inhibitors have demonstrated improved GI safety profiles compared with nonspecific NSAIDs due to their COX-1-sparing effects. 11, 17, 18 Naproxen was chosen as the comparator in this study for several reasons. A 550-mg dose of naproxen sodium twice daily is indicated for treatment of primary dysmenorrhea, as is valdecoxib 20 mg twice daily (or 40 mg daily), and the duration of effect for naproxen is similar to the duration of effect for valdecoxib. 13 These were important considerations for blinding.
Naproxen has been shown to be at least as effective as ibuprofen in the treatment of menstrual cramping associated with primary dysmenorrhea. A study comparing naproxen with ibuprofen, acetaminophen, and placebo for treatment of primary dysmenorrhea in a total of 443 female patients revealed that naproxen provided significantly greater PR than ibuprofen at 6 hours postdose. 19 More recently, COX-2 specific inhibitors have been demonstrated to be effective treatment for primary dysmenorrhea, suggesting that COX-2-derived prostanoids play a role in the pathophysiology of primary dysmenorrhea. 7, 13 This study was not designed to examine cost-effectiveness of valdecoxib use for primary dysmenorrhea but rather to strengthen the concept of strong analgesic efficacy via COX-2 inhibition. While no empirical research to this effect has been done, certain subgroups of patients would likely benefit from the use of valdecoxib rather than a nonspecific NSAID to treat primary dysmenorrhea. These subgroups would include patients with known GI risk factors such as active ulcer, patients being treated concomitantly with corticosteroids or coagulants, and those who take nonspecific NSAIDs chronically for other conditions. It has been observed that up to 81% of patients who were hospitalized with serious GI complications such as GI bleeding had no prior GI symptoms or warning signs, 20 indicating that there is a level of risk associated with use of nonspecific NSAIDs even in patients who are not suspected to have any preexisting GI risk factors. There is evidence for slightly increased incidence of GI and operative site bleeding with 5 or fewer days of consecutive use of nonspecific NSAIDs. 15 In light of this, increased risk of incidence of GI adverse events with even 1 dose of a nonspecific NSAID cannot be ruled out. Those patients with menorrhagia who require multiple doses of anti-inflammatory medication can also avoid the potential risk of serious GI adverse events with nonspecific NSAIDs by taking a COX-2 specific inhibitor instead. This is particularly relevant to any patient who has a history of GI ulcers. It is estimated that impaired platelet aggregation is an underlying cause of menorrhagia in approximately 20% to 30% of patients. 21 COX-2 specific inhibitors, in contrast to nonspecific NSAIDs, have been shown not to interfere with platelet aggregation, 12, 22 thus offering another potential benefit to menorrhagic patients. COX-2 specific inhibitors have the ability to cross the blood-brain barrier and inhibit prostanoid production in the central nervous system (CNS). 23, 24 It has been postulated that general feelings of illness coinciding with the inflammatory response are due not to direct neural transmission of peripheral nerve impulses to the CNS, but to a signal molecule produced at the local site of inflammation, which crosses the blood-brain barrier and induces COX-2 expression in the CNS. 25 Nonspecific NSAIDs are known to reduce peripheral inflammation, but it is unclear to what extent they do so in the CNS. If COX-2 specific inhibitors are more effective at reducing prostanoid production in the CNS, they may be more effective at reducing the general effects of inflammatory pain, such as fever, lethargy, and general muscle and joint pain. 26 In conclusion, valdecoxib 20-mg and 40-mg doses were superior to placebo and similar to naproxen sodium 550 mg for all efficacy measures. Both doses were well tolerated and provided rapid and effective relief of menstrual pain with no significant differences between the 2 doses. Because menstrual pain tends to be transient, the rapid onset and long duration of action demonstrated in this study with valdecoxib are important characteristics for improving the management of pain associated with primary dysmenorrhea. On the basis of these results, valdecoxib appears to be a viable new therapeutic agent for the treatment of pain associated with primary dysmenorrhea. This study was sponsored by Pfizer Incorporated and Pharmacia Corporation.
